Abstract: Studying the interaction between the upper ocean and the typhoons is crucial to improve our understanding of heat and momentum exchange between the ocean and the atmosphere. In recent years, the upper ocean responses to typhoons have received considerable attention. The sea surface cooling (SSC) process has been repeatedly discussed. In the present work, case studies were examined on five strong and super typhoons that occurred in 2016-LionRock, 1610; Meranti, 1614; Malakas, 1616; Megi, 1617; and Chaba 1618-to search for more evidence and new features of typhoon's impact on the sea surface environment. The typhoon monitoring data from the Central Meteorological Observatory, the sea surface temperature (SST) data from satellite microwave and infrared remote sensing, and the sea surface height anomaly (SSHA) data from satellite altimeters were used to analyze in detail: the SSC features caused by typhoons, the relationship between the SSC and the typhoon travelling speed, and the variations in cold and warm eddies during typhoon passage. Results showed that: (1) SSC generally occurred during typhoon passage and the degree of SSC was always determined by the strength and the travelling speed of the typhoon, as well as the initial SST. (2) One day before or on the day of typhoon passage, the SSHA slightly increased due to low surface pressure. After the typhoon passed, the SSHA obviously decreased along with the SSC. The pre-existing positive SSHAs, which always represent warm eddies, decreased or disappeared during typhoon passage, whereas negative SSHAs or cold eddies were enhanced. (3) New cold eddies were generated, especially at the turning points of the typhoon path. The presence of warm eddies is suggested to have a strengthening effect on the typhoons.
Introduction
The Northwestern Pacific Ocean is the largest ocean area with typhoons, hurricanes, or tropical cyclones, accounting for more than 30% of the total number worldwide [1] . As severe weather phenomena, typhoons not only cause serious damage to coastal areas, but also constantly change the marine hydrological environment during their passage. It is generally thought that typhoons play an important role in regulating the momentum, heat, and material exchange between the upper ocean and the atmosphere. Improving our understanding of typhoon-ocean interactions is required to formulate more accurate typhoon predictions [2] [3] [4] [5] .
During typhoon passage, the most obvious response of the ocean is the significant reduction in sea surface temperature (SST) [6] , named sea surface cooling (SSC). The observed drop in SST could vary tremendously from about 2 °C [7] to even 11 °C [8] . The maximum cooling caused by a typhoon is mainly concentrated within 100 km to both sides of the typhoon path [9] . As a result of the wind 2 of 18 entrainment, SSC caused by typhoons always appears to the right side of the track [10] [11] [12] . However, left side of the typhoon track may also experience higher SSC due to higher rainfall [13, 14] . Typhoon-generated SSC and current velocity increases are often strongly rightward-biased, and shifts toward the typhoon track at depths exceeding roughly 100 m [15] [16] [17] . Additionally, the distance between the cooling center and the typhoon track depend mainly on the typhoon's travelling speed [18] . Moreover, studies have suggested that the degree of typhoon-induced SSC depends not only on the intensity of the typhoon and its travelling speed, but also on the mixing layer depth [8, 9] and the pre-existing eddies [19] [20] [21] [22] [23] [24] [25] . By analyzing four typical tropical cyclones in the South China Sea, Zhang et al. concluded that the stronger the intensity of a tropical cyclones, the slower the movement speed, the shallower the mixed layer depth, and the greater the reduction in SST [24] . On the other hand, pre-existing cold eddies would enhance the SSC caused by the typhoons [8, 26, 27] , whereas the SST drop in a warm-eddy-controlled region might not be very obvious [24, 25] .
Typhoons could also have a direct impact on the sea surface height field by pumping upwelling and enhancing vertical mixing, thus affecting the distribution of warm and cold eddies [19, 23, 28, 29] . When a typhoon passes over, the sea surface height anomaly (SSHA) shows a drop and the mesoscale cold eddies are strengthened [21] . Yang et al. [21] revealed that the maximum cooling center of the SST caused by typhoons (three consecutive ones: Sinlaku 0813, Hagupit 0814, and Jangmi 0815) coincided with the regional center of the negative SSHA or mesoscale cold eddy, and the typhoons enhanced the pre-existing cold eddy. Liu [19] , through the analysis of three typhoons (Lingling 0123, Chanthu 0405, and Durian 0621), found that the cold eddy on the right side of the typhoon's path strengthened, whereas the warm eddy on the path weakened after the typhoon passes.
In the present work, we examined case studies on the impact of five major typhoons that occurred in 2016 and passed through the Northwestern Pacific Ocean using remote sensing data analysis and focused on the following aspects: (1) impact of typhoon passage on SST and the relationship between the SSC and the pre-existing eddies; and (2) distribution of cold and warm eddies before and after the typhoon passage and the relationship between the eddies and the typhoon intensity. More evidence for SSC caused by typhoons was found and it was suggested that the previous existence of a warm eddy may enhance the typhoon during its passage.
Data and Methods
Five strong and super typhoons ( Table 1) that occurred in the Northwestern Pacific Ocean from August 20, 2016 to October 5, 2016 were selected for case studies in the present work, including LionRock (1610), Meranti (1614), Malakas (1616), Megi (1617), and Chaba (1618). These five typhoons occurred consecutively with considerable impact, and followed three different types of path ( Figure  1 ). The typhoon monitoring data were released by the Central Meteorological Observatory on the internet in real time (http://typhoon.nmc.cn/web.html). The data included typhoon center positions, minimum air pressures, maximum wind speeds, and average travelling speeds. The SST data were obtained using microwave (MW) remote sensing (TMI, AMSR-E, AMSR2, and WindSat) and infrared (IR) remote sensing (Terra MODIS and Aqua MODIS). The time resolution is 1 day, and the spatial resolution is 9 km (ftp://ftp.remss.com/sst/daily_v04.0/mw_ir/). To avoid statistically insignificant effects, we considered the cooling of the typhoon track area during the typhoon's birth and disappearance as being caused by the typhoon crossing. Therefore, we selected the lowest temperature of the grid during the statistical period as the temperature after typhoon transit, and the temperature field of the previous day was subtracted from the temperature field generated by the typhoon to obtain the cooling distribution of the study area.
Satellite altimeters provided us with a useful method of obtaining long-term data on global sea surface height anomaly (SSHA), which has been proven to be in good agreement with in-situ observations, such as the tide gauge [30] . The SSHA data are released by the Satellite Oceanographic Data Center (AVISO) of the Centre National d'Etudes Spatiales through its official website. This data are mainly composed of TOPEX/POSEIDON, Jason-1, and ERS/Envisat altimeter satellites, with a time resolution of 1 day and a spatial resolution of 0.25°. The data included SSHA and geostrophic flow velocity (u/v) data. In the study area, the determination of the center and extent of cold and warm eddies was performed using the geostrophic velocity field.
Results

LionRock
Typhoon LionRock developed from a disturbance in the Pacific open ocean. It slowly moved northwestward under the guidance of the subtropical high, and the typhoon intensity gradually strengthened. On August 17-18, 2016 , it encountered a high-level eddy in the troposphere, resulting in a significant reduction in convection and intensity. However, on August 19-20, it experienced the Fujiwhara effect (two typhoon inter-rotational effects) with the Kompasu in the development stage. It turned south and entered the relatively warm ocean surface. Convection occurred, and its intensity increased. LionRock developed into a tropical storm. Subsequently, on August 21-22, LionRock displayed the Fujiwhara effect with Typhoon Mindulle and continued to move 4 of 18 southward. The Fujiwhara effect occurs when cyclones are in proximity to one another; their centers will begin orbiting cyclonically about a point between the two systems due to their cyclonic wind circulations [31] LionRock caused a certain degree of cooling (>2 °C) in a large area of the sea path ( Figure 2 ). The cooling of the right side of the path was more obvious than that of the left side, and the cooling was greatest at the turning point of the typhoon path and when the typhoon wind speed was greater than 5 K. The cooling area at the turning point of the typhoon path was concentrated in a circular area. The cooling center of the typhoon straight-through area was about 100 km on the right side of the typhoon path, and the cooling area was also approximately circular with a cooling radius of about 200 km. The cooling in the Yellow Sea and the Sea of Japan in China was probably due to the effect of the Kuroshio. The SSHA distribution (Figure 3a ) before the passage of Typhoon LionRockk was obviously related to the cooling distribution. From Figure 3a , before the typhoon crossing (August 19, 2016) , where the SSHA value was positive (i.e., it was in a warm eddy area), the cooling was low (<3 °C). When the SSHA before a typhoon crossing is negative (i.e., it is in a cold eddy area), the cooling caused by LionRock was relatively high and the cooling eddy center was close to the center of the cold eddy. The SSHA distribution (Figure 3a ) before the passage of Typhoon LionRock was obviously related to the cooling distribution. Before the typhoon crossing, where the SSHA value was positive (i.e., it was in a warm eddy area), the cooling was low (<3 °C). When the SSHA before a typhoon crossing was negative (i.e., it is in a cold eddy area), the cooling was relatively high and the cooling eddy center was close to the center of the cold eddy. At the same time, it can be seen from Figure 3d that after LionRock passed (September 1, 2016), the position of cold and warm eddies and their radii changed significantly. After the typhoon passed, the cold eddies increased and moved toward the area close to the typhoon path, and the warm eddies weakened and moved away from the typhoon path. In particular, on August 25, the typhoon reached the turning point and a new cold eddy was generated at the turning point (box A in Figure 3b ). At 2:00 a.m. on August 26, the typhoon turned from southwest to northeast, and the cold eddy generated in the box A disappeared. On August 27, the typhoon traveled to the box B region, forming a new strong cold eddy on the left side of the path (Figure 3c ). LionRock also strengthened the cold eddies in the southwest and northeast to some extent. Figure 4 shows the change in SSHA at the centers of a warm eddy (at 29.5°N, 137.625°E) and a cold eddy (at 25.375°N, 134.125°E) on the LionRock path. As the figure shows, the warm eddy was affected twice by the typhoon, and the warm eddy itself showed an increasing trend. On the day before or on the day the typhoon passed, the warm eddy center showed a slight increasing trend. After the typhoon passed, the SSHA of the warm eddy center stopped increasing, or the increase was significantly reduced. The cold eddy (located at 25.375°N, 134.125°E) was also affected by the typhoon twice. The SSHA at the center of the cold eddy slightly increased on the day of the typhoon crossing and then decreased significantly thereafter. On August 23, the SSHA of the location of the cold eddy center continued to increase before the typhoon transit, and the increase strengthened on the day of the typhoon transit. After that, the SSHA growth stopped and fell rapidly. On August 28, during the second impact of the typhoon, the SSHA of the cold eddy center also increased significantly, and then SSHA fell rapidly. Figure 5 shows the maximum wind speed and the typhoon center pressure at various points along the typhoon path, as well as the day's SSHA. Two different degrees of typhoon enhancement (wind speed increase and pressure decrease) occurred after LionRock passed the high SSHA area and continued for some time. On August 24, the typhoon passed the high value SSHA zone (15-30 cm), the maximum wind speed of the typhoon increased from 30 to 50 m/s, and the central pressure rapidly dropped from 980 hpa to 940 hpa. From August 27 to August 29, LionRock passed through a relatively high-value SSHA area twice (>15 cm). The center wind speed increased twice, from 42 s to 52 m/s, and the center pressure decreased by 20 hpa. However, when the typhoon passed through regions with low SSHA values, it maintained its strength or was weakened to a certain extent. 
Meranti and Malakas
Typhoon Meranti formed on the afternoon of September 10, 2016. It strengthened into a typhoon (at 17.6°N, 131.7°E) on the early morning of September 12, strengthened into a strong typhoon at 8:00 a.m. on September 12 (at 18.0°N, 130.4°E), and strengthened to a super typhoon at 18.1°N, 129.9°E) at 11:00 a.m. on September 12. In 24 h, the wind speed of Meranti increased from 25 to 62 m/s. This meant Meranti was a rapidly increasing typhoon. At 2:00 p.m. on September 13, Meranti reached its peak intensity and the maximum wind speed near its center reached 70 m/s (over Beaufort Scale 17), stronger than the peak strength of this year's No. 1 typhoon, Nibbert (65 m/s, 17 or above). It was the strongest typhoon in the global sea area during in 2016. Meranti traveled northwest all the way to the south of Taiwan, and on September 15, it landed on the coast of Xiangan District, Xiamen, Fujian, China (at 24.57°N, 118.23°E).
As Typhoon Meranti was developing, another tropical depression was occurring near the typhoon formation at 08:00 a.m. on September 13, 2016, and it gradually developed into Typhoon No. 15, Malakas (at 15.8°N, 132.1°E). Malakas made its way to the northwest at the beginning of its generation, and it gradually developed into a strong typhoon. It turned northward on the southeastern side of Taiwan on September 17 and then turned northeast on September 18. The intensity of the system continued to be strong. After landing on the southern side of Kyushu in Japan on September 19, it gradually decreased.
Although Meranti was very intense, it did not have a strong cooling effect. It only caused a small degree of cooling in the southwestern part of the Philippines and the east side of Taiwan, with a maximum temperature drop of about 2 °C (Figure 6a ). The largest area of cooling was close to the strong cold eddy shown in zone C in Figure 7a . Malakas caused a large range of cooling, and cooling was concentrated on the right side of the typhoon path (Figure 6b ). The formation dates of Typhoons Meranti and Malakas were quite close to each other and their affected areas were similar. The degree of SST cooling caused by them, however, was considerably different. The main reason that the two typhoons caused a great difference in cooling may be that Meranti's path had a high SSHA level (Figure 7a ). At the same time, after Typhoon Meranti crossed, the area's SSHA was reduced to some extent (Figure 7b) , and the SSHA distribution also changed. This created favorable conditions for Typhoon Malakas to cool down. At the same time, Meranti moved quickly on the ocean, and the time of interaction between Meranti and its passage through the sea area was short, and this may also be the cause of its limited impact.
After the two typhoons passed the sea area, the SSHA in the sea area showed different degrees of reduction (Figure 7 ). In particular, after the two typhoons strengthened, the existing warm eddy (at 20°N, 124.75°E in Figure 7a , box C) disappeared. Figure 8 shows the change in SSHA between the warm eddy and the cold eddy at 17.25°N, 129.875°E (Figure 7a , box D) in the two typhoon-passing regions. It can be seen from the figure that the SSHA levels of the cold and warm eddy centers slightly increased on the day before the typhoon or the day of the typhoon, and then the SSHA of the As shown in Figure 9 , the SSHA level of the area through which Meranti passed was relatively high (20-40 cm), which may be one of the reasons for Meranti's strength (maximum wind speed of 70 m/s), as typhoon enhancement occurs in high-value SSHA regions. At 12:00 p.m. on September 12, when the typhoon passed a SSHA area with a relatively high value of 20-40 cm, the maximum wind speed of the typhoon increased from 62 to 70 m/s, and the system grew into a super typhoon. However, when Meranti passed an area with a relatively low SSHA value, the typhoon maintained its original strength or changed only little. In addition, the apparent weakening of Meranti occurred when it arrived on land. Malakas' history includes three distinct growths and two reductions, shown in Figure 10 . The three growths occurred after Malakas passed an area with a relatively high SSHA value. Malakas continued to grow after being generated, on September 14, 2016 from 9:00 a.m. to 9:00 p.m. Malakas passed an area with a relatively low SSHA value (−12-2 cm), and the typhoon's growth stagnated. The maximum wind speed and center pressure of typhoon were maintained. From September 15 at 9:00 a.m. to 8:00 a.m. on September 16, Malakas passed through an area with a relatively high SSHA value (20-40 cm). The maximum wind speed of the typhoon increased from 42 to 50 m/s, and the central pressure dropped by 10 hpa. From September 15 at 3:00 p.m. to 9:00 p.m. on September 17, Malakas passed through an area with a relatively low SSHA value (−7-3 cm). After the typhoon maintained its strength for a period, it weakened and then passed through an area with a relatively high SSHA value. Then the typhoon strengthened again at 3:00 p.m. on September 18, 2016. 
Megi
Typhoon Megi was generated on the Northwest Pacific Ocean 2140 km south of Taitung City, Taiwan Province at 8:00 a.m. on September 23, 2016. After the typhoon was generated, it headed northwest toward Taiwan Island. On September 25, it became a strong tropical storm at 19.4°N, 139.8°E. It became a super typhoon on September 27, with a center pressure of 935 hpa and a maximum wind speed of 52 m/s. On the same day, it landed in Hualian County, Taiwan and weakened after landing. Then, it landed in Hui'an County, Fujian, China through the Taiwan Strait.
As shown in Figure 11 , the cooling of the Typhoon Megi path area is obvious. The maximum cooling temperature was greater than 5 °C, and the resulting cooling distribution did not stop at the right side of the path. In the early period of typhoon development, it caused a temperature drop of 1-2 °C. The cooling area was mainly distributed on the left side of the typhoon's path. On September 24, Megi developed from a tropical depression to a tropical storm, causing a temperature drop of 1-2 °C on the right side of the typhoon path and gradually strengthening into a typhoon. On both sides of the typhoon path, we found a significant temperature drop of more than 3 °C. On September 27, Megi developed into a super typhoon and caused strong cooling (>5 °C) centered on the typhoon track area. Comparing Figures 11 and 12 , the positions of cooling centers match well those of the cold eddies, and the more cold eddies there are, the more obvious the cooling. On the contrary, in areas where the warm eddies were strong, the cooling was significantly lower than in the surrounding area. After Megi passed through the research area, the SSHA in the area demonstrated a certain degree of reduction ( Figure 12 ). Comparing Figure 12a with 12b, there was a small cold eddy on the southeast side of Taiwan Island (Figure 12a , box E). After the typhoon passed, the smaller cold eddies merged and strengthened, and it moved toward the area close to the typhoon path. The SSHA of the cold eddy center was reduced from −15 to −30 cm and the radius of the cold eddy increased from 30 to 200 km.
As shown in Figure 13 , at the beginning of Megi's formation, the area Megi passed was a high-value SSHA area (0-20 cm), and the maximum wind speed and pressure in the typhoon center continued to grow until it became a strong typhoon with a maximum center wind speed if 52 m/s and center pressure of 935 hpa. From 3:00 p.m. on September 26 to 1:00 a.m. on September 27, after the typhoon passed an area with a SSHA low value (−13-0 cm), the typhoon intensity weakened after being maintained for some time. The maximum wind speed of the typhoon center dropped to 40 m/s before the typhoon landed in Taiwan, and the central pressure increased to 960 hpa. After landing in Taiwan, Megi continued to weaken. 
Chaba
Typhoon Chaba was formed in the Northwestern Pacific on September 28, 2016. Its center was located on the ocean 580 km northeast of Guam in the United States (14.6°N, 150.0°E). After being generated, it traveled westward at a speed of 20-25 km per hour to the vicinity of the Malakas generation site. Then it turned to the northwest and became a super typhoon at 8:00 a.m. on October 2. The minimum pressure in the center reached 920 hpa. The maximum wind speed reached 60 m/s. The typhoon went north to east of the East China Sea, and the strong typhoon continued until 7:00 p.m. on October 4, 2016. Then it weakened and turned to the northeast and finally wiped the coast near South Korea's Pusan. Later, it moved into the Sea of Japan and weakened into an extratropical cyclone. When Chaba was still in the development stage, it traveled westward, causing the SST to drop by 1-2 °C (Figure 14) . Most of the cooling area was located on the left side of the path, and then the typhoon turned to the northwest and gradually strengthened into a super typhoon, causing a significant reduction in the SST (>2 °C). The sea surface cooling caused by Typhoon Chaba was mainly distributed in areas with low SSHA values. Compared to those of the previous typhoons, the cooling effect caused by Chaba was relatively small. The main reason may be that the SST significantly dropped, and the seawater mixed layer deepened. The water temperature of the shallow sea water was slightly different than the SST.
Similarly, Chaba caused a certain degree of decline in the SSHA value of the area through which it passed. After the typhoon passed, the area's low SSHA value increased and a strong cold eddy was generated in the typhoon's track (Figure 15b, box F) . After the typhoon transited, the warm eddy around the typhoon path gradually weakened or even disappeared. For example, before the typhoon crossed this sea area, there was a warm eddy in the eastern part of Taiwan Island (Figure 15a, box G) . After the typhoon transited, the main body of the warm eddy turned away from the typhoon path, and its intensity weakened. As shown in Figure 16 , at the beginning of the generation of Chaba, the SSHA value of the sea area where the typhoon passed was small (−17 to 6 cm), and the maximum wind speed and pressure of the typhoon center did not change much. From September 30 to October 2, 2016, the typhoon passed through a region with a high SSHA value (8-22 cm) and continued to strengthen and maintain its strength for a long time. When the typhoon was strongest, the wind speed reached 60 m/s and the center pressure was 920 hpa. After passing through the shallow sea area, the typhoon gradually weakened and disappeared. 
Discussion
Impact of Tropical Cyclones on SST
To our knowledge, there have been many observations and simulations of sea temperature changes caused by typhoons, but most have been limited to the study of some cases. We studied five consecutive typhoons that occurred in the Western Pacific in 2016, including LionRock (1610), Meranti (1614), Malakas (1616), Megi (1617), and Chaba (1618). Through the analysis of SST data and SSHA data from ocean remote sensing, we found that the typhoon-induced cooling of the sea surface is roughly distributed on the left and right sides of the typhoon track, with a range of about 100 km. The cooling area is approximately circular. This is consistent with the results reported by Yang and Tang [27] , who conducted statistical analysis of typhoons across the South China Sea over many years. However, we have come to a more detailed conclusion by analyzing the distribution of cooling caused by various typhoons and the distribution of SSHA before the typhoon passes over a sea area. We found that the area where the SSHA was greater than zero before the typhoon crossed, and the cooling rate after the typhoon passed was less than 3 °C. In areas where the SSHA was less than zero before the typhoon crossed, the cooling range after the typhoon passes was usually greater than 3 °C. The cooling center was closer to the center of the cold eddies. Among them, Typhoon LionRockLionRock caused the largest cooling area, as shown in Figure 2 . In the warm eddies area where the SSHA was positive, the degree of cooling was small, and was concentrated in the range of 2 to 3 °C. However, in the cold eddies area near the typhoon path with negative SSHA, the cooling rate was relatively large, both above 3 °C and even reaching 5 °C. Moreover, at the turning point of Typhoon LionRockLionRock, a new cold eddy was formed, and the cooling rate was significantly higher than other regions (>5 °C), which is consistent with the research findings of Jiang et al. [18] . Typhoon Megi had an obvious cooling in the path area, as shown in Figure 9 . The degree of cooling caused by the early typhoon was relatively small. However, after Megi developed into a super typhoon, it caused significant cooling in the path area. In addition, the location of the cooling area caused by Megi was basically the same as the distribution of cold eddies, and the cooling was more obvious in the area where the cold eddies were strong, while in the warm eddy areas, the cooling was lower than the surrounding area.
Relationship Between Tropical Cyclones and SSHA Distribution
We found that when a typhoon crosses over a sea area, it causes SSHA to respond strongly. The main action was that the SSHA obviously decreased. After Typhoon LionRockLionRock passed over the sea, the cold eddies strengthened, while the warm eddies weakened, and the center of the cold eddy moved toward the area close to the typhoon path, while the warm eddy moved away from the typhoon path. After the passage of Typhoons Meranti and Malakas, SSHA showed a different degree of reduction. After Typhoon Megi passed over, the small cold eddy that existed before the typhoon merged and intensified, and moved closer to the typhoon path. Similarly, the passage of Typhoon Chaba also created a low value SSHA area, which was located in the southwest of the northwestern Pacific greater, and generated a stronger cold eddy at the typhoon path, which is consistent with the research conclusions of Yang et al. [21] .
We also found that the mesoscale eddies, which existed in the upper ocean before the typhoon, not only played an important role in the extent and location of the cooling of the sea surface, but also had an important impact on the typhoon intensity during the typhoon passage. During Typhoon LionRockLionRock, two different degrees of typhoon intensification occurred after the typhoon passed the higher (or warm eddies) areas of SSHA. However, when the typhoon passed through regions with low SSHA values, it maintained a constant intensity or weakened to a certain extent. The apparent weakening of Typhoon Meranti also occurred when it passed SSHA-reduced areas or arrived on land, and the three growths in the life of Malakas occurred after passing through the relatively high value area of SSHA. At the beginning of Typhoon Megi, when it passed through the area with high SSHA, the wind speed increased, the pressure decreased, and the typhoon continued to grow. However, at the beginning of Typhoon Chaba, the SSHA of the passing sea area was small, so the maximum wind speed and center pressure of the typhoon did not change much. The above results support the view that a typhoon passing through a warm eddy region (i.e., relatively high SSHA area) will increase in intensity. After passing through a cold eddy region (i.e., relatively low SSHA area), the typhoon intensity will remain unchanged or gradually weaken.
Conclusions
In the present work, five strong or super typhoons in the Northwestern Pacific Ocean that occurred in 2016 were selected and satellite altimeter data and SST data were used to analyze typhoon-induced changes in the marine environment.
After a typhoon passed, it caused a significant cooling of the sea surface. The degree of reduction in SST was determined by the intensity, the travelling speed of the typhoon, and the pre-existing sea surface conditions. In general, the SST obviously decreased after a typhoon passed when the initial SSHA was negative, and the cooling centers were consistent with the centers of the cold eddies. On the other hand, if the initial SSHA was positive, the degree of SSC was relatively unobvious.
After the typhoon passed, it had certain influence on the SSHA. One day before or on the day the typhoon crossed an area, the SSHA increased slightly, which was mainly caused by the low sea level pressure. Due to the wind-induced Ekman pumping and the decrease in SST, after the typhoon passed through, the SSHA obviously decreased. Typhoons also have a significant impact on the distribution of cold and warm eddies. Cold eddies are enhanced and their centers move toward the typhoon track. When the typhoon suddenly changes its direction, new cold eddies are generated. On the contrary, the typhoon causes warm eddies to weaken or even disappear and move away from the typhoon track.
The presence of warm eddies had a catalytic effect on the strengthening of typhoons. After a typhoon passed a relatively high SSHA (or warm eddy) region, the maximum wind speed significantly increased and the central air pressure decreased. After a typhoon passed through a relatively low SSHA (or cold eddy) region, the maximum wind speed remained unchanged or decreased.
In this article, we used SST and SSHA data to demonstrate the evolution of the marine environment during typhoons. However, we note that owing to the limits of data used, some important effects have been omitted, such as the impact of typhoon-induced ocean circulation on mesoscale eddies, the combined effect of two or more typhoons, relationship between typhoon speed and SSC, etc. Every year, a large number of typhoons pass over mesoscale eddies in the Western North Pacific. Therefore, it is important to understand typhoon-eddy interactions to improve our prediction of typhoon intensity in this region. We plan to further apply the oceanatmosphere coupling model and use new time-series data to systematically study more typhoon events in the Western North Pacific and to address the influence of mesoscale eddies on the typhoon intensity.
